Prolonged administration of certain anterior pituitary extracts to animals results in at least two processes requiring nitrogen,--growth and lactation. It is obvious that in the production of gigantism in rats, by Evans and his coworkers (1, 2), and in the production of acromegaly in dogs by Putnam, Benedict, and Teel (3), large amounts of nitrogen must have been involved, although no observations on the nitrogen balance were made in the particular experiments. As a result of single injections of anterior pituitary extract, Teel and Watkins (4) observed a fall in the blood non-protein nitrogen of dogs. Teel and Cushing (5) also refer to experiments carried out in collaboration with Dr. Walter Bauer, in which it was found that anterior pituitary extracts administered to dogs which were consuming a constant diet caused a marked retention of nitrogen. The fall in blood nonprotein nitrogen observed by Teel and Watkins indicated that this retention was not secondary to renal impairment.
Prolonged administration of certain anterior pituitary extracts to animals results in at least two processes requiring nitrogen,--growth and lactation. It is obvious that in the production of gigantism in rats, by Evans and his coworkers (1, 2) , and in the production of acromegaly in dogs by Putnam, Benedict, and Teel (3) , large amounts of nitrogen must have been involved, although no observations on the nitrogen balance were made in the particular experiments. As a result of single injections of anterior pituitary extract, Teel and Watkins (4) observed a fall in the blood non-protein nitrogen of dogs. Teel and Cushing (5) also refer to experiments carried out in collaboration with Dr. Walter Bauer, in which it was found that anterior pituitary extracts administered to dogs which were consuming a constant diet caused a marked retention of nitrogen. The fall in blood nonprotein nitrogen observed by Teel and Watkins indicated that this retention was not secondary to renal impairment.
It appeared of interest to the writer to study in some detail the effect of anterior pituitary extracts on the nitrogen economy of dogs. The term "growth" is at once recognized as a collective name for a considerable series of processes, and the term "growth hormone" suggests a single substance capable of initiating all of these. Should injections for a day or two result in a permanent gain in nitrogen, in absence of lactation, this result would be compatible with the idea that all of the processes required for laying down of permanent tissue had been stimulated and had gone to completion. On the other hand, a subsequent loss of the stored nitrogen would suggest that the factor supplied merely stimulated formation of reserve or "deposit" protein, 349
and that in the absence of other factors, or more prolonged stimulation, the stored protein was catabolized.
The effect of brief treatments with extracts of beef anterior pituitary on the nitrogen balance and urine nitrogen partition of dogs was therefore studied. Observations were also made on the effect of such extracts on water balance, body weight, and lactation. On one of the animals, respiration experiments showing the effects of the extracts on heat production and on the metabolism of carbohydrate, fat, and protein were carried out. The extracts were similar to those of Teel (6) , and consisted of the globulin fraction, salted out by means of sodium sulfate, from partially neutralized alkaline extracts of beef anterior pituitary. Preparations from the pituitary of sheep have been used by Corner (7) and by Nelson and Pfiffner (8) in studies of lactation in rabbits and guinea pigs. Details concerning the extracts are included in the following section.
EXPERIMENTAL
Animals.--Three adult bitches were used as experimental animals. One of these, Dog 2, was a young virgin weighing 15 kilos. The other two, Dogs 1 and 4, were older animals which weighed 21 and 22 kilos respectively, and had apparently borne litters. All of the animals were kept in the metabolism cages and on the desired diet for several weeks before experiments were begun. With about 15 minutes of exercise daily, after catheterization, they have kept in excellent condition on the experimental regime during more than a year.
Diets.--The diets consisted of beef heart, soda crackers, and bone meal. Grinding the three constituents together in a mechanically driven meat grinder greatly simplified analysis and weighing. 4 pounds of trimmed, ground beef heart, mixed with an equal weight of ground crackers and 200 gin. of bone meal, and again ground four times, yield a mixture which has very desirable properties. The cracker meal absorbs the excess of water in the beef heart, hence the mixture becomes more suitable for analysis. 4 gin. samples yield good duplicate values for nitrogen. The mixture keeps for 2 to 3 weeks, and remains unchanged in nitrogen content if it is placed in air-tight tin cans and kept in the refrigerator. In experiments in which a higher carbohydrate intake was desired, one part of trimmed beef heart and two parts of cracker meal were used in preparing the mixture. If necessary, the amount of bone meal can be doubled. When beef heart alone was used, a number of carefully trimmed hearts were ground and well mixed. Approximately 7 gm. samples were then analyzed for nitrogen. The remainder was put up in 200 gin. lots, which were wrapped in wax paper and frozen until required for feeding.
Methods.--Daily urine periods were terminated by catheterizing and washing the bladder, the volume being measured before washings were added. The urines were collected under toluene, and were analyzed soon after termination of the period. Nitrogen analyses of urine, feces, and food were carried out by the KjeldahlGunning method. Ammonia and urea in urine were determined by the procedure of Van Slyke and CuUen (9) , creatinine by the method of Folin (10) . Blood was analyzed for non-protein nitrogen by the method of Folin and Wu (11) .
Respiration calorimetry was done by the gasometer method. The procedure was similar to that of Boothby and Sandiford (12) , excepting that a plaster of Paris mask, rendered air-tight by a coating of paraffin, was used instead of a copper mask. The animal was trained to cooperate so that the mask could be made without anesthesia, upon its head as a mould. At the time that this was done padding was placed under the lower jaw so that in the eventual mask there would be space enough to permit the animal to breathe over its tongue, t A 2.25 inch length of tubing, large enough to take a No. 12 rubber stopper, was incorporated in the front end of the mask. The inlet and outlet tubes passed through the stopper. In making the connection between the rear of the mask and the shaven neck of the animal, 6 inch heavy dental dam was used. A test for leaks was made at the end of each experiment, by applying soap suds while the outlet tube of the mask was dipped under 10 to 15 cm. of water, thus inducing the animal to exhale against pressure. Daily shaving of the animal's neck was found to be unnecessary if a coating of a gel was applied. A suitable gel was prepared by stirring 20 gin. of gum ghatti ~ into 400 cc. of boiling water, and cooling. This gel does not damage rubber quickly, and washes off readily. Basal metabolism determinations were made during two 20 minute periods at least 18 hours after food. The urine for a 3 to 4 hour period during which these determinations were made was collected and analyzed for nitrogen. The calories per hour and non-protein respiratory quotients were calculated according to the directions given by Lusk (13) and the revisions subsequently published (14) .
The pituitary extracts were obtained through the courtesy of Parke, Davis and Co. They were prepared by a method described by Bugbee, Simond, and Grimes (15) , in which the solution obtained by alkaline aqueous extraction of the anterior lobes of beef pituitary glands is salted out with sodium sulfate, and the precipitate obtained is redissolved in such a volume of 0.02 lq NaOH that 2 cc. of solution equal 1 gm. of anterior lobe. The solution injected contained 1.41 nag. of nitrogen per cc., hence only 0.07 gin. per 50 cc. Creatinine could not be detected. Thus errors in the nitrogen balance or partition are not introduced by injections. Injections were made either intraperitoneally or subcutaneously. In the latter instance the 50 cc. doses were injected in 5 or t For the information that this condition should be met, the writer is indebted to Dr. Boothby.
Preparations vary. The powdered preparation of J. L. Hopkins and Co., New York, was used.
6 portions of 10 cc. or less, the injections being made into the loose subcutaneous tissue of the abdomen and flank. They were well tolerated. After intraperitoneal injections of 50 cc., the animals commonly delay taking their food for several hours, but consume it as usual in the course of the day.
RESULTS
Nitrogen Balance.--Prelirninary experiments showed that intraperitoneal or subcutaneous injections of the extract produced a fall in urine nitrogen, while control injections of physiological salt solution, of boiled extract, or of highly diluted blood serum containing an amount of protein similar to that in the extracts, had negligible effects. The experiment recorded in Table I was therefore carried out to determine whether the fall in urine nitrogen was due to failure of absorption, to an effect of the extracts on the kidneys, or to storage of nitrogen. The diet consisted of 400 gm, of beef heart-cracker meal mixture, containing 10.11 gm. of nitrogen. During the control period from November 5 to 11, two 50 cc. injections of boiled extract produced no marked change in urine nitrogen. Similar treatment with unboiled extract on November 12 and 13 resulted in a marked drop in urine nitrogen to 4.73 gm. per day, from an original average level of 9.1 gm. per day. In 6 days the original level was reached again and passed, but a second similar treatment lowered the urine nitrogen even more markedly to 3.97 gm. per day. Feces analyses were carried out daily, since the animal had one large movement per day. The results indicate that absorption was not interfered with, and the fall in non-protein nitrogen of the blood excludes the possibility that the extracts damaged the kidneys. Hence the decrease of urine nitrogen must be due to storage of nitrogen in the tissues. The extent of this storage is quite considerable, since the average daily excretion is 1 to 1.5 gm. below the control level for 10 to 11 day periods following injections. The high control level for non-protein nitrogen of the blood was due to the high protein diet, not to renal insufficiency. During the final control period cod liver oil and tomato juice were added to the diet, but no sudden changes of nitrogen excretion occurred. These changes are at times observed if a missing food factor is given to an animal that is on a deficient diet.
The first part of Table II is the record of an experiment in which the fall in nitrogen excretion was not observed. Urine collections and analyses were made daily, but due to the length of the experiment the daily averages for the week are recorded. The animal, which weighed three-fourths as much as the preceding one, was receiving exactly onehalf as much food,--200 gm. of beef heart-cracker meal mixture, containing 5.02 gm. of nitrogen. The injections were given on the same dates as in the preceding experiment, and the same lot of extract was used. The results were negative until 200 gm. of beef heart was added to the diet, increasing the nitrogen intake to 10.35 gm. per day. Injection of extract on Jan. 1 and 2 then produced a deft- nite fall in nitrogen excretion. During the week following injection of the extract, nitrogen excretion through the urine was 0.81 gin. per day below its control level. Since the extracts increase metabolism, the increase in the caloric value, as well as the protein, of the diet may have been a factor in this conversion of a negative result into a positive one. However, during the 2nd and 3rd weeks after injection, the nitrogen excreted in the urine rose 1.08 and 1.37 gm. per day above its control level, and 4 weeks passed before the original level was reached again. During the week from Jan. 15 to 21, a small negative balance of about 0.4 gm. per day undoubtedly existed, since the nitrogen loss in the feces on this diet has usually averaged a gram per day. The tendency for nitrogen storage to give way to nitrogen loss was not observed in the experiment recorded in Table I , nor, in fact, in the urine alone was greater than the nitrogen intake. At this high level of protein catabolism further injections, in this case given intraperitoneaUy, had a striking action, and restored the positive nitrogen balance temporarily, but the animal always returned to the negative balance. In the period following that shown in the chart the urine nitrogen very slowly returned to a level about 1 gm. below the intake. The period of irregular nitrogen losses shown in the chart was unaccompanied by fever, and the animal had a good appetite and was in excellent condition. C~T 1. Anterior pituitary extract was administered subcutaneously on Jan. 1 and 2, and intraperitoneaUy on Jan. 19 and Feb. 6. Each injection was followed by nitrogen storage, but the stored nitrogen was lost again. On Jan. 3 the urine volume reached 4490 cc. six out of ten experiments on Dog 1. But in respiration experiments recorded in Table IV , Dog 1 was used again, and the daily urine nitrogen values clearly reflect the above tendency. The high level at the start, April 18, was the sequel of a previous treatment, and this high level is reached again during the 2nd or 3rd week after the injections of April 21 and 22, and May 12. Table I ).
In
Nitrogen Partition.--The data recorded in Table III were obtained in an experiment on Dog 4. Both the immediate fall in nitrogen excretion, and the rise during the 2nd week after injection of extract, are due to changes in urea excretion. There is a definite increase in ammonia output during the days immediately following the injection. Creatinine excretion, as in Table I , shows no remarkable changes. The diets were not creatine-and creatinine-free, but were constant for months. A nitrogen partition experiment on Dog 1 yielded results completely in agreement with those in Table III . Allantoin excretion was not studied. The immediate increase of ammonia excretion is unexplained. It precedes the rise in water intake, which might otherwise be considered the cause (16) . Moreover the extracts injected are not acid, but alkaline. Table I the marked increase in urine volume after injections of active extract is evident at once. Boiled extract does not have this action. In Chart 1 the injection of 100 cc. of extract over a 2 day period, January 1 and 2, is shown to increase the urine volume to 4490 cc. per day. The animals, after such injections, have an amazing thirst. The 50 cc. intraperitoneal injection given on February 6 (Chart 1) had little effect on urine volume, and this is often the case, although the effect on the nitrogen balance is as great as in the case of subcutaneous administration. 50 cc. doses given subcutaneously as a rule increased the urine volume to about 1100 cc.
Water Balance and Body Weigh~.--In
In Tables III and IV the water intake (not including approximately 315 cc. of water contained in, or obtainable by oxidation of, the 400 grn. of food given daily) is shown along with the urine volume and body weight. The water intake increases even more than the urine volume, and there is an abrupt rise of 300 to 500 grn. in body weight when active extracts are given. In four such experiments, three of which are shown in Tables III and IV, the weight gain was always lost again. Table IV has been shortened, since other data were of no interest, but the weight proceeded downward daily to 20.9 kilos on May 24, and then remained constant. Since injections, urine data, and body weights appear opposite the same date, it should be stated that the injections were given at 9 a.m. on the day indicated; the urine data are for the 24 hour period beginning with the injection, and the weight was determined at the end of this period, after catheterization.
Body Temperature.--In three experiments daily rectal temperatures
were taken in the morning, and at intervals of 3 to 4 hours on days when 50 cc. injections of extract were given. As long as the animals had free access to water the rise in temperature was only I°F. at its height, 0.5°F. 24 hours after injections, and disappeared during the next 24 hour period. In contrast with the effect on heat production, to be discussed later, the effect on temperature is small and transient.
Lactation.--Marked lactation followed the injections given to Dog 1 on November 23 and 24, 1931, during the experiments recorded in Table I .
About 36 hours after the injections all the breasts, including the poorly developed anterior pair, were very tense. The distal two showed a circular area of decided hyperemia, 5 cm. in diameter, surrounding the nipple. On the following day there were numerous drops of milk on the urine pan, and the cage urine was visibly turbid from it. This continued for 3 days, after which the swelling of the breasts retrogressed. In the course of 10 injections of 50 cc. or more which were given to this animal in the course of a year, this striking result was obtained only once, although after injections given May 12 and June 9, 1932, the breasts were enlarged and milk could be expressed. Eight injections given to the other two dogs never produced lactation, even though in one case the same lot of extract which produced the marked lactation above mentioned was used. Table IV the action of the extracts on heat production and on the respiratory quotient is shown.
Heat Production and Respiratory Quotient.--In
The animal, Dog 1, had been used for respiration experiments for nearly 4 months previously. It received 200 gin. of beef heart at noon, and 200 gin. of ground mixture containing 1 part of beef heart to 2 parts of cracker meal, at 4 p.m., the diet being intentionally arranged to give fairly high basal respiratory quotients. All of the food was consumed within a few minutes after 4 p.m. The metabolism determinations were made between 10 a.m. and 12 noon, after the animal had been connected with the apparatus for a preliminary hour. Injections were given at 9 a.m., hence metabolism determinations recorded on the same day as injections followed these injections by 2 to 3 hours. The figures for calories per hour, and for non-protein respiratory quotients, are the averages of the two 20 minute periods. The basal metabolism falls about 2 calories in the course of the month of experiments. Injections of boiled extract on Apr. 19 and 20 had no effect. When active extracts were given on the 21st and 22nd, a slight rise in heat production was already noticeable on the 21st, 3 hours after the first extract was given. On the next day no experiment could be carried out, due to the marked panting which occurs invariably when extract is given in large doses on 2 successive days, and also due to the fact that depriving the animal of water for 3 hours would produce a temperature rise great enough to complicate the result. However, in a day or two conditions were suitable again for calorimetry. On the 23rd the heat production was found at 42.5 calories per hour, or 77 per cent above its control level. The original value was not reached again until 14 days after the injec-tions. A single dose of 50 cc. of extract given on May 12 also produced a definite rise within 3 hours, reaching a maximum of +68 per cent on the following day, and Table I ). requiring 7 to 8 days to subside completely. During the experiment on Apr. 23 the rectal temperature was 1.4°F. above its average, and during the experiment on May 12 0.9°F. above this average. On all other days the rectal temperature varied plus or minus 0.5°F. from an average of 100.6°F. The great increase in heat production was accompanied by the usual increases in respiratory rate and ventilation rate, which subsided along with the heat production. The non-protein respiratory quotients on the day of injection (2 to 3 hours after the injection) showed little change, but on the following days there was a marked fall of the R.Q. During this time there was no sugar in the urine. Moreover the fall in R.Q. was due to the oxidation of additional fat, to meet the animal's increased energy requirements, rather than to a decrease in carbohydrate oxidation. For the three control days preceding the first injections, and the two preceding the second, the complete calculation of the experiments showed an average oxidation of 2.98 gm. of carbohydrate, 0.36 gm. of fat, and 1.77 gm. of protein per hour. For the 4 days when R.Q.'s were low, following injections, the average results were: 2.18 gm. of carbohydrate, 2.43 gm. of fat, and 0.97 gm. of protein per hour. With carbohydrate intake constant, protein catabolism reduced, and heat production greatly increased, the available carbohydrate 18 hours after the last meal was no doubt reduced sufficiently to account for the small decrease in oxidation of it.
DISCUSSION
With respect to nitrogen metabolism, the constant finding in these experiments has been that within 24 hours after injection of the anterior pituitary extract into adult dogs kept on a high protein diet, there is a large fall in urine nitrogen, persisting for several days. This result was obtained in each of ten experiments on Dog 1, and four experiments on Dog 4, and also in the case of the younger animal, Dog 2, after it was given a high protein diet. The subsequent result appears to be variable. Although not all of the data are shown, all of the results were of the types presented. There may be a return of urine nitrogen to its former level ( Table I ) without evidence that the stored nitrogen is lost again, or storage already taking place may be augmented during the week following injections, and correspondingly diminished during the following weeks (Table II) , or the stored nitrogen may be lost again (Chart 1). It is remarkable that the nitrogen storage occurs in spite of other effects of the extract,--a slight rise in temperature, a great increase in metabolism, and a large increase in water intake and output, which would all favor nitrogen loss,--and that storage ceases or gives way to loss when these unfavorable conditions have disappeared.
Evidence of interference with carbohydrate metabolism was not even transiently seen in the experiments under consideration. The urine of all animals was frequently tested for sugar with negative results, and respiration experiments on the animal which was treated longest indicated a ready oxidation of carbohydrate. Hyperglycemia and glycosuria in dogs is a very late result of treatment with pituitary extracts. Putnam, Benedict, and Ted found no glycosuria or hyperglycemia in their injected animal after 3 months of daily injections, and no hyperglycemia after 8 months. Evans, Meyer, Simpson, and Reichert (17) found hyperglycemia and glycosuria in two of four dogs after daily injections for 8 to 9 months. In rabbits, marked hyperglycemia and glycosuria were produced within 1 or 2 weeks by Baumann and Marine (18) , who injected saline extracts of pituitary tissue.
The marked increases in water intake and output found in the present experiments are confirmatory of findings already well known (5) . The sudden increase in weight, indicating increased hydration, is soon lost again.
With regard to heat production, the marked increase observed after injections in these experiments is similar to the effect of alkaline extracts and other pituitary preparations on the metabolism of guinea pigs (19) . The writer had hoped to make observations on the specific dynamic action of protein during the period following injections of extract, when the catabolism of protein given is reduced by one-half. But during this period of a few days after injections one is fortunate if enough reliable observations to establish the basal metabolism are obtained, and the animals are not suitable for experiments lasting many hours.
For biological assays, the ideal procedure is one in which a large change is produced in a short time by a single injection. It was partly for this reason that the effects of injections for only 1 or 2 days were studied. But as has been indicated above, some of the effects of the extracts are antagonistic to others, and accurate standardization on the basis of the effect on nitrogen excretion is therefore unlikely at present. The effect on nitrogen excretion is, however, a fairly simple test to be used in purification of the substance responsible for it, and in this connection the conditions under which a marked response is obtained in a short time are of interest. Such a substance could of course be involved in both growth and lactation. Whether the gonad-stimulating fraction of the pituitary exerts any similar action on the nitrogen economy will be investigated.
CONCLUSIONS
I. Solutions of the globulin fraction of alkaline extracts of the anterior lobe of beef pituitary glands, when administered intraperitoneally or subcutaneously to dogs for I or 2 days, greatly increase the nitrogen balance. Urine nitrogen falls markedly, and at the same time blood non-protein nitrogen decreases, while the nitrogen of the feces remains the same.
2. The nitrogen gained may either be retained or lost again, indicating that it may be converted into reserve protein rather than into permanent structures. Sudden gains in weight which follow the injections are always lost again.
3. The effect of the extracts on protein catabolism is greatest when this is high, as in adult dogs having a negligible positive nitrogen balance, or a negative balance, while consuming a high protein diet adequate in calories.
4. Both the fall in nitrogen excretion, and the subsequent rise, when the latter occurs, are due to changes in urea excretion.
5. Other results of the brief treatments are: great increases in water intake and urine volume, marked thirst, slight rise in temperature, and a remarkable increase in heat production effected by oxidation of fat. Mature female dogs were used, and in one of these lactation occurred after some of the injections. 
